The purpose of this study was to determine whether cardiorespiratory fitness (CRF) is associated with lower abdominal adiposity in youth. Subjects included healthy 61 African-American and 52 white children and adolescents (age: 8-17 years). Body composition was measured by dual-energy X-ray absorptiometry and computed tomography. CRF (VO 2max ) was assessed using a graded maximal treadmill test. CRF was inversely related (Po0.05) to total adiposity, waist circumference, and visceral and abdominal subcutaneous adipose tissue (AT) independent of race. These findings remained significant (Po0.05) after adjusting for age, gender and pubertal status. Multiple regression analyses revealed that CRF is an independent contributor (Po0.05) of waist circumference, and visceral and abdominal subcutaneous AT after accounting for age, pubertal status, gender and body mass index percentile. Our observation suggest that in youth, CRF is associated with lower visceral and abdominal subcutaneous AT, and reinforces the notion that youth should engage in regular physical activity to improve aerobic fitness and reduce abdominal adiposity.
Introduction
Abdominal adiposity is associated with numerous health risk in the pediatric (Bacha et al., 2003; Weiss et al., 2003) and adult populations (Ross et al., 2002; Hayashi et al., 2004) . In adults, emerging evidence suggests that cardiorespiratory fitness (CRF) is associated with lower visceral and abdominal subcutaneous adipose tissue (AT) Janssen et al., 2004) independent of body mass index (BMI). Recently, Nassis et al. (2005) reported that total and central adiposity was lower in children with high CRF compared with children with low CRF in European boys and girls. In that study (Nassis et al., 2005) , total and abdominal fat was estimated by sum of skinfolds and CRF was indirectly assessed by 20 m shuttle run test. It is currently unknown whether CRF is associated with visceral AT, a strong independent predictor of insulin resistance and type 2 diabetes in youth (Bacha et al., 2003; Weiss et al., 2003) .
The purpose of this study was to examine whether CRF, measured as maximal oxygen consumption (VO 2max ), is associated with lower visceral and abdominal subcutaneous AT, assessed by computed tomography (CT) and if so, whether these relationships are independent of other confounding factors (age, pubertal status and BMI percentile) in youth.
Methods

Subjects
Subjects consisted of healthy African-American (n ¼ 61, 35 boys and 26 girls) and white (n ¼ 52, 23 boys and 29 girls) youth who participated in various body composition and metabolic studies, some of whom have been reported previously (Andreacci et al., 2004 (Andreacci et al., , 2005 . Study participants were recruited through newspaper advertisements in the greater Pittsburgh area, flyers posted in the city public transportation, and posters placed on campus. These Institutional Review Board approved advertisements do not state the specific goals of the study, but simply indicate that 'healthy normal weight and overweight children and adolescents are needed for research studies which involve blood and body composition testing'. The investigation was approved by the Institutional Review Board and performed in the General Clinical Research Center of Children's Hospital of Pittsburgh. Parental informed consent and child assent were obtained from all participants. All participants were in good health assessed by clinical history, physical examination, and routine hematological and biochemical tests. Pubertal development was assessed by physical examination according to Tanner criteria by pediatric endocrinologists.
Anthropometric measurements and total and abdominal AT Body weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively by using standardized equipment. BMI was calculated as weight (kg) divided by the square of height (m 2 ). The Centers for Disease Control and Prevention Growth Charts were used to calculate age-and sex-specific BMI percentile (Kuczmarski et al., 2002) . Waist circumference was obtained at the midpoint between the lowest rib and the iliac crest in 37 African-American and 46 white subjects.
Total body adiposity was assessed by dual energy X-ray absorptiometry (DEXA). A single axial image of the abdomen (L4-L5) was obtained using CT to measure abdominal subcutaneous and visceral AT. Both DEXA and CT methods were described previously (Arslanian et al., 2002) . CRF VO 2max was measured using the Bruce multistage treadmill protocol (Cumming et al., 1978) using standard open-circuit spirometry (Parvo Medics, Salt Lake City, UT, USA). During the first stage (1-3 min), the speed was 1.7 mph and the grade was 10%, and the speed was increased to 2.5 mph and the grade was increased to 2% during the second stage (3-6 min). In each subsequent stage of the test, the speed was increased by 0.8-0.9 mph and the grade by 2% until the point of exhaustion.
VO 2max was attained when at least two of the following three criteria were achieved: (1) a change in VO 2 of o2.1 ml/ kg/min with increasing exercise intensity at near-maximum higher treadmill stages, (2) a respiratory exchange ratio in excess of 1.05 and/or (3) heart rate 490% of the agepredicted maximum (220-age) (Wasserman et al., 1994) . CRF was expressed relative to body weight (ml/kg/min) which is the recommended index of expressing fitness for clinicians and health care professionals (Vanderburgh and Katch, 1996) .
Dietary intake and physical activity assessment A 24-h weekday food recall was administered by a trained nutritionist in 55 African-American and 49 white subjects using the method that was reported in detail previously (Arslanian et al., 2002) . Physical activity level was assessed in 54 African-American and 42 white subjects by a Modifiable Activity Questionnaire (MAQ) as described in detail previously (Andreacci et al., 2004) .
Statistical analyses
Statistical procedures were performed using SPSS (Version 13.0; SPSS Inc., Chicago, IL, USA). Log transformations were employed to normalize the distribution for CRF, BMI percentile, waist circumference, and total and abdominal AT. Pearson and partial correlation coefficients were used to determine the associations between CRF, and total and abdominal adiposity. To further investigate the influence of CRF on total and abdominal adiposity, subjects were categorized as low (o28.0 ml/kg/min), moderate (28.0-35.4 ml/kg/min) or high (435.4 ml/kg/min) tertiles of VO 2max based on the cutoffs derived from all subjects (n ¼ 113). The moderate and high tertiles of VO 2max were combined and referred as the moderate and high CRF group in all analyses. CRF group differences in total and abdominal adiposity was examined using analysis of covariance, with CRF group as the fixed factor and age, gender, race and pubertal status as the covariates. General linear models were used to determine the influence of CRF and BMI groups on abdominal fat. As relationships (r) between CRF, and visceral and abdominal AT did not differ between African-American vs white youths (Table 1) , subjects were pooled to test for the main effect (e.g., CRF and BMI group) and interaction (e.g., CRF Â BMI group) on abdominal AT.
Results
African-American youth had significantly lower CRF in comparison to white youth (29.878.0 ml/kg/min vs 36.879.5 ml/kg/min, Po0.05). Correlation analyses revealed that in both African-American and white youth (r values correspond to African-American and white, respectively), CRF was inversely and significantly (Po0.05) related to BMI percentile (r ¼ À0.32 and r ¼ À0.41), total adiposity (r ¼ À0.50 and r ¼ À0.73), waist circumference (r ¼ À0.43 and r ¼ À0.65), and visceral (r ¼ À0.43 and r ¼ À0.68) and abdominal subcutaneous AT (r ¼ À0.52 and r ¼ À0.72) in a similar order of magnitude after adjusting for age, gender and pubertal status (Table 1) .
To further examine the influence of CRF on visceral and abdominal subcutaneous AT, subjects were categorized into low (23.873.8 ml/kg/min), and moderate and high CRF (37.378.0 ml/kg/min) groups (Table 2 ). Moderate and high CRF group had significantly (Po0.05) lower total adiposity, waist circumference, and visceral and abdominal subcutaneous AT after adjustment for age, gender, race and pubertal status. Although not statistically significant, there was a tendency for leisure time physical activity level to be higher (5.4 vs 7.1 h/week) and physical inactivity level to be lower Within the same BMI category, subjects with moderate and high CRF had significantly lower visceral and subcutaneous AT compared with subjects with low CRF (main effect, Po0.05) (Figure 1 ). Multiple regression analyses revealed that CRF is an independent contributor of waist circumference, and visceral and abdominal subcutaneous AT after accounting for age, pubertal status, gender and BMI percentile (Table 3) .
Discussion
The present study demonstrates that youth with moderate and high CRF had significantly lower visceral and abdominal subcutaneous AT in comparison to the low CRF group independent of race and these relationships remained true after controlling for pubertal status, gender and BMI percentile. Furthermore, our finding that the beneficial influence of CRF on abdominal AT is reflected by lower waist circumference is of significance and suggests that waist circumference can be used in a practical setting in place of imaging techniques such as CT and magnetic resonance imaging to evaluate health risks in youth.
Our findings extend the previous observation by Nassis et al. (2005) who recently reported that CRF is associated with lower trunk skinfolds thickness in European youth. In the present study, we used more sophisticated measures of CRF (VO 2max ), total (DEXA) and abdominal AT (CT) and extended findings in both African-American and white youth. Our observation is consistent with adult studies (Ross and Katzmarzyk, 2003; Wong et al., 2004) which reported that for a given BMI, high CRF is associated with lower abdominal AT.
Although not significant, we observed that leisure time physical activity level was higher (5.4 vs 7.1 h/week) and physical inactivity level was lower (television viewing, 3.6 vs Abbreviations: AT, adipose tissue; BMI, body mass index; CRF, cardiorespiratory fitness; NS, not significant. Pearson and partial correlation coefficients were used to determine the associations between CRF, and total and abdominal adiposity. CRF, BMI percentile, total fat (%), waist circumference, visceral and abdominal subcutaneous AT were log-transformed to normalize their distributions. All listed correlations are significant, Po0.05, Figure 1 Influence of CRF on visceral (a) and abdominal subcutaneous (b) AT in normal weight (BMI o85th, n ¼ 63) and at risk for overweight/overweight (BMI X85th, n ¼ 50) youth. General linear models was used to test for the main effect (e.g., CRF and BMI group) and interaction (e.g., CRF x BMI group). *Po0.05, between BMI o85th vs BMI X85th within each CRF group. wPo0.05, between low vs moderate and high CRF within BMI X85th group.
Fitness and abdominal fat SJ Lee and SA Arslanian 3.0 h/week) in the moderate and high CRF groups in comparison to the low CRF group. Combined with the observation that regular physical activity alone is associated with reductions in visceral and abdominal subcutaneous AT in the absence of weight loss (Ross et al., 2000 Lee et al., 2005) , these observation provide a therapeutic strategy for the treatment of abdominal adiposity and the reduction in health risk in the pediatric and adult populations.
In conclusion, we observed that in African-American and white youth, CRF is associated with lower visceral and abdominal subcutaneous AT independent of BMI percentile and other confounding factors (age, gender and pubertal status). Our findings suggest that youth should engage in regular physical activity to improve aerobic fitness and body composition for the prevention and treatment of childhood obesity. However, it is also important to note that our AT, adipose tissue; BMI, body mass index; CRF, cardiorespiratory fitness. CRF, BMI percentile, waist circumference, and visceral and abdominal subcutaneous AT were log-transformed to normalize their distributions. Race, 0 ¼ AfricanAmerican, 1 ¼ white subjects; gender, 0 ¼ boy, 1 ¼ girl; pubertal status, 0 ¼ prepuberty, 1 ¼ puberty.
cross-sectional observation does not allow us to infer a causal relationship. Prospective and intervention studies with serial measurements of fitness, total fat and metabolic profiles are needed to confirm our observation.
